Three component condensation of active methylene compounds with aniline and trialkyl orthoformate gives anilinomethylene-1,3-dicarbonyls, which can be hydrolysed with aqueous K2CO3, KOH or HCl, depending on the sensitivity of the hydroxymethylene derivative thus formed. The reaction sequence is fairly generally applicable: Cyclohexan -1,3-diones, pyrimin-3,5-diones (including barbituric acids), pyrazolones and pyrazolin-3,5-diones, indan-l,3-dione, (thio)phthalide, indoxyl, oxindole, anthrone, 2,6-and 2,7-dihydroxynaphthalene, and pentan-2,4-dione have been formylated. Using orthoacetate or orthopropionate, tetronic acid, pyrazolones and pyrazolin-3,5-diones, resp., could also be acylated by this method.
To introduce a formyl (or its tautomeric hydroxymethylene) group into CH2-acidic compounds only a limited number of methods is known [2] , which contrasts the variety of possibilities at aromatic systems. The reaction of orthoformates with CH2-acidic molecules like diethyl malonate [3] , 2,4-pentandione [3] , malononitrile [4] or ethyl nitroacetate [5] to form their ethoxymethylene derivatives is a useful and the most direct method [6] .
Unfortunately many cyclic /3-diketones tend to give bis-and tris-condensation products with orthoformates [6, 7] , thus prohibiting their direct formylation.
We wish to report more details on a simple two step procedure for synthesis of hydroxymethylen-1,3-dicarbonyles and related compounds, using orthoesters [8] . No condensing agent like POCI3, which may lead to chlorinated byproducts, is required. The method is of particular utility for the formylation of cyclic ß-diketones and related systems, but does also work with activated aromatic molecules like dihydroxynaphthalenes [11] . It failes in the case of phenol or anisole.
Three component condensation of an aromatic primary amine with trialkyl orthoformate and a cyclic active methylene compound (pKa lower than 10) gives anilinomethylene-1,3-dicarbonyls [1, [7] [8] [9] [10] . This reaction proceeds smoothly at 50-70 °C in various solvents like alcohols, aromatic hydrocarbons, glycoles, dialkylformamides or glacial Requests for reprints should be sent to Doz. Dr. Otto S. Wolfbeis, Institut für Organische Chemie der Universität, Heinrichstraße 28, A-8010 Graz, Austria.
0340-5087/79/0200-0283/$ 01.00/0 acetic acid, unless they contain more than 1% of water. Compounds la, c, e, g, 2a, c, e, 3a, c, 4a, 5a, 6 a and 7 a have been prepared this way. Less rective CH2-acidic molecules and those having intramolecular hydrogen bonds require more drastic reaction conditions (120-160 °C). 8a, c, e, 9a, c, 10a, c, 11a and 12a have been synthesized at these temperatures in good yields. When orthoacetates or orthopropinates are used instead of orthoformates, only five ring dicarbonyles give the desired products (4c, e, 5c, e, 6c, e). When cyclohexan-1,3-dione was heated with aniline and excess of triethylorthoacetate, 3-anilino-cyclohex-2-en-l-one was isolated instead of the desired /?,/S-diacylenamine. The attempted three component condensation between triethylorthoacetate, aniline and 4-hydroxycou- Acidification of the relatively stable salts B is a crucible step and has to be performed at temperatures below 10 °C. Otherwise side reactions have to be expected.
Unlike their sodium salts many hydroxymethylene-l,3-dicarbonyles (C) (for instance 2b, 6b, 7b, lib) are sensitive to heat and suffer decarbonylation (C->D). Therefore they must not be recrystallized from high boiling solvents. Decarbonylation of C leads to the starting diketone D, which can react with unchanged C to form deeply coloured and sparingly soluble oxonoles (E). Hy droxy methylenecyclohexane-l,3-diones form tris compounds [7] under these conditions, and the latter often contaminate the isolated hydroxymethylene.
These findings prevent an enamin hydrolysis using strong mineral acids in many cases. Nevertheless, the more stable enoles 4 b, 8 b, d and 10b, d could alternatively be prepared by acidic saponification. Generally fair yields have been obtained, with the exception of the very sensitive [14] hydroxymethylene-anthrone lib (12%). No product could be isolated either by alkaline or acidic hydrolysis of 5 a, although acidified reaction mixtures gave greenish-brown colorations FeCl3 solutions, indicating the presence of an enolic system. Anilinoethylidene-and anilinopropylidene derivatives (4c, e, 5c, e, 6c, e, 7c) are more stable towards hydro lytic agents. Furthermore their hydrolysis products are not as readily decomposed as are the formyl derivatives. It has been noted, that the enoles 4d, f, 5d, f, 6d, f and 7d are rather more sensitive towards alkaline reagents, and acidic hydrolysis is therefore recommended.
As to the tautomeric equilibria between formyl and hydroxymethylene structure, an easy differentiation can be made using PMR spectroscopy: The =CH-OH proton resonances in the d -7.5 to 8.2 ppm region, often as a dublet [15] . The -CHO proton resonances in the 9 to 10 ppm region as a singlet. According to the PMR spectra only 10b, d and partially lib exist in the aldehyde form. A detailled PMR spectroscopic study on hydroxymethylene-1,3-dicarbonyles [15] and on aminomethylene-1,3-dicarbonyles [16] has been performed.
Experimental
For the instrumental equipment see ref. [1] . Melting points are uncorrected. Chemical shifts are given in d-units (tetramethylsilane = 0). The synthesis of compounds la, c, e, g [10] and 2a, c [17] has been described.
2-Hydroxymethylen-cyclohexane-l,3-dione (lb)
2.15 g (10 mmol) 2-anilinomethylen-cyclohexan-1,3-dione is suspended in 200 ml 5% aqueous K2CO3 solution and 30 ml 2-propanol and heated in an open flask, until the odour of aniline can no more be detected (1-2 h, NaOCl-paper). During this time a yellow solution is formed, which, after cooling to room temperature, is once extracted with 40 ml CHCI3 and then acidified with conc. HCl under cooling (ice pieces) to pH 2. Exhaustive extraction with four 50 ml portions diethylether, washing the ethereal phase with 10 ml water, drying (Na2S04) and concentrating the solution in vacuo leaves a yellow oil (1.0 g, 71%) of over 90% purity (tic), which is of sufficient quality for most purposes. It gives a dark red coloration with aqueous FeCl3. The oil may be recrystallized from ether at -60 °C [18] [15] , 1 f and 1 h have been prepared similarily. When 1 N NaOH or KOH is used instead of K2CO3, the reaction times are reduced to 30 to 60 min. The cyclic ester 1 g must not be hydrolysed using KOH due to irreversible ring opening.
5-Anilinomethylene-l-phenyl-l,2,3,4,5,6-hexahydropyrimidine-2,4,6-trione (2 e)
To 2,0 g (10 mmol) 1-phenyl-1,2,3,4,5,6-hexahydropyrimidine-2,4,6-trione (1-phenyl-barbituric acid), suspended in 10 ml glacial acetic acid, is dropped at 70-80 °C a mixture of 0.93 g (10 mmol) aniline and 3.0 g (20 mmol) triethoxymethane (triethyl orthoformate). Stirring and heating to 100 °C for 10 min produces a voluminous precipitate, which, from acetic acid, gives yellowish crystals of m.p. 265-266 °C (decomp.) in 85% yield (2.6 g). When an excess of orthoester is used, formation of the yellow methinylbispyrazolone (oxonole) of m.p. 301-302 °C has to be expected as a side reaction.
4b, c have been synthesized similarily, using 1,1,1-triethoxye thane (triethylorthoacetate) and 1,1,1 -triethoxypropane (triethylorthopropionate), resp., instead of triethoxymethane (see Table I ). 
4( a-Hydroxy ethylidene )-1,2-diphenyl-pyrazolidin-3,5-dione (4d)
3.69 g (10 mmol) 4c, suspended in 20 ml dioxane and 100 ml 6 N HCl, are heated under reflux for 4 h. 
3( a-Hydroxyethylidene )-2,3,4,5-tetrahydrof uran-2,4-dione [23] (5d) ("a-Acetyl tetronic acid")
Is obtained by both alkaline and acidic hydrolysis of 5c, following the directions given for 4b and 4d, resp. It may also be synthesized directly from tetronic acid: 2.0 g (20 mmol) tetronic acid was dissolved slowly at 60 °C in 8.1 g (50 mmol) 1,1,1-triethoxyethane. After one hour volatile parts are removed at reduced pressure, and the residual red 011 is crystallized from little 50% ethanol. White needles of m.p. 80 °C, yield 1.56 g (55% 5f and 5e were prepared according to the directions given for 5c and 5d (Table I) .
Compounds 6 a-f and 7 a-d were synthesized analogous to 5 a-f.
General method for the synthesis of 8 a, c, e, g and 9 a
Equimolar amounts (10-20 mmol) of the active methylene compound, aniline and orthoester are carefully mixed with 5 ml AcOH in an open flask and heated in a 140 °C oilbath. The contents become clear, and after 20' the exothermic reaction has completely ceased. Addition of 20 ml ethanol to the cooled solution causes crystallization. Further data are given in Table I .
Hydrolysis of these enamines to form 8b, d, f, h and 9 b was accomplished by the methods given for 4b and 4d.
General method for the synthesis of the enamines 10 a, 10 c and 11a, 12 a
The active methylene compound, triethoxymethane and aniline are mixed in a 1:1:1 molar ratio (for 12 a 1.3:1:1), and heated slowly over a one hour period to 160 °C. After 2 h at this temperature, the mixture is cooled and treated with methanol to induce crystallization. After some time the precipitate is collected (10a, c are yellow, 11a is red, 12a colorless) and recrystallized from an appropriate solvent (Table I) .
10 b and 10 d were prepared by the steam distillation process [11] , as given for 4b.
Hydroxymethyleneanthrone [14] (lib)
3.0 g (10 mmol) 11a were stirred in 100 ml 2N KOH for 6 h at room temperature. The solution was filtered, extracted with diethylether, and carefully acidified with acetic acid at 0 °C. A yellow precipitate (0.27 g = 12%) of m.p. 200-202 °C is formed, which is carefully dried over P4O10 and may be recrystallized under big losses from benzene. Ci5H10O2 (222.3) Calcd C 81.05 H 4.53, Found C 80,80 H 4,60.
3-Hydroxymethylene-pentane-2,4-dione [24] (12b)
10 g (50 mmol) 12 a were heated under reflux with 100 ml 1 N KOH for 4 h. After cooling, extraction with ether (2 x 50 ml) and acidification with conc. HCl (at 10 °C) the solution was exhaustively extracted with ether again. Washing with water (2 X 10 ml), drying (CaCh) and removal of the solvent left an yellow oil, which was distilled (b.p.12 = 86 °C) to give an almost colorless, unstable solid of m.p. 47 °C (5.6g = 87%). CeHgOa (128.1) Calcd C 56.24 H 6.29, Found C 56.01 H 6.04.
